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(57) Abstract 


A drug delivery device js described which utilizes gas pressure from free 
oxygen and hydrogen derived * fronr the electrolysis of water in hydrogels. The t gas 
pressure forces the infusion of the drugs through appropriate means into the body. 
The rate of electrolysis which produces the gases {oxygen jahd hydrogen)is con- 
trolled by an electric current /This current is activated and controlled by an elec- 
tronic timer or a biomedical control system (28) which reacts to stimuli relatedto 
bodily functions, such as temperature, pH, muscle contractions, electroencephalog- 
raphy, and/or; a combination of the above. , . _ "". : j ' ' V 
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GAS PRESSURE DRIVEN INFUSION SYSTEM ... 
BY HYDROGEL ELECTROLYSIS 

Background of the Invention 

, ; :i5 ' This invention relates to a system, for the 
administration of drugs- and/or biologically active 
materials )by continuous Intervenous infusion , utilizing 
gas pressure produced fay the hydirogel electrolysis - 
More particularly, this invention relates to a delivery 
20 device which utilizes gas pressure from free oxygen and 
ihydrogen derived from the „ electrolysis of water in 
hydrogels.. The gas pressure forces the infusion of the 
drugs and/ or biologically active materials through; 
appropriate means into the] body - The rate > of 

2:5 electrolysis which produces the gases (oxygen and 
hydrogen) is controlled : by an electric current. This 
I i current is supplied iby a? battery or is activated and 
\* . v controlled' by an electronic timer or a biomedical 

- : control system which reacts to stimuli related to bodily 
30 functions , such as temperature , pH , muscle contractions/ 
. electroencephalography; or electrocardiography/ and/ or 
■ v a combination of the above • ; - j ; s 

Description of Prior Art *'k« - 

'There have been .many iapproaches to meet the 
3 5 problems of regulating the delivery of drugs and or 
biologically active materials ^(hereinafter collectively 
referred to as "drugs") in the place and at the proper 
dose to achieve the desired regulatory effect. Some, of 
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hydrogen) to . produce the propulsion means for the 
infusion of drugs. 

A still further object of this invention is to 
provide a water swollen hydrogel system, -which allows 
5 electric current to flow through the hydrogel resulting 
in electrolysis of water, to produce gases (oxygen and 
hydrogen). 

Another object of this invention is to produce a 
simple and disposable means* of infusion in which the 
10 infusion rate for the drugs can be controlled by an 
electric current. 

Yet another object is to provide a .compact infusion 
unit which is controlled by electrical current supplied 
by lightweight, leak proof batteries and regulated by an 
15 electronic timer or other biomedical control means. 

Ah additional object of this invention is to 
construct a simple, disposable propulsion means which is 
capable of delivering drugs in a timed pattern that can 
be attached or adopted to already existing infusion 
20 vehicles . 

Yet another additional object of this invention is : 
to create a disposable syringe system which is capable 
of delivering drugs in a timed pattern. 

A further additional object of this invention is to 
25 create a simple and disposable infusion unit which can 
be employed in portable programmable infusion systems. 

A still further additional object of this invention 
is to provide a delivery system for drugs which is 
activated by a biomedical control system that reacts to 
30 stimuli related to bodily functions., such as 
temperature,, pH„ muscle contractions, 
electroencephalography, or electrocardiography and/ or 
combinations of the above. 

These and other objects may be obtained by means of 
35 a simple infusion system which is composed of either a 
single or mulitple units. The single unit system is 
composed of a ^ rigid container , in the shape of a 
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a catheter or a hypodermic needle implanted in the body. 

This compartment is filled with a drug solution which 
is to be administered intervenously to the patient . 
The piston between the two compartments moves in 
5 response to the pressure of the gas formed by the 
electrolysis of the water swollen hydrogel,, thereby 
f orcing the drug through the opening into the syringe or 
tubing. Another embodiment -of this single unit device 
does not have a piston but, permits expansion of gases 
10 (oxygen and hydrogen) to act directly on the drug 
.solution forcing it through the syringe. The housing for 
this embodiment can be of non-expandable impermeable 
material which can be rigid or flexible. Depending on 
what type of delivery is desired for a particular drug,/ 
15 the electrical .current can be precisely controlled in 
such a way that the drug can be timed or constant or a 
combination of both and the pressure exerted by the 
gases (oxygen and hydrogen) can be pulsating or constant 
or a combination of both. This single unit system can: 
20 '-" also be constructed so that the gas generator lean be 
attached, such as by threaded or clamping means rendered 
gas tight by an appropriate gasket (such as an O-ring) 
to the compartment containing the drug. This 
construction provides a method of reusing the gas 
- 25 generator system. The multiple unit system is composed 
of a rigid container (gas generator) which contains a 
water swollen hydrogel capable of conducting electrical 
currents. Electrodes pass through the top <of the rigid 
container (gas generator,) into the water swollen 
30 hydrogel and are attached to batteries,, the electric of 
^which is regulated by a control unit that is activated 
by an electronic timer or a biomedical control unit 
which is responsive to changes in bodily functions such 
as, temperature, pH, muscle contractions., 
35 electroencephalography, or electrocardiography, and/ or 
combinations of the above. The electrodes are sealed 
so that no liquid or gas can pass through , the holes in 
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a piston wherein the electrodes are connected through 
the top of the syringe. 

Fig. 6 shows in longitudinal cross section an 
infusion syringe which has the electrodes in a separate 
5 top unit fitted to the barrel' of the syringe which 
contains a piston. The top unit containing the 
electrodes is a attached to the barrel of the syringe 
and is made leak proof by sealing means such as an, O- 
' ring or gasket . ^ The gas generation unit is threaded 
.10 onto the barrel. 

Fig,;. 7 illustrates, also in longitudinal cross 
section, a gas generator portion wherein the electrodes 
contacting the water swollen hydrogel pass through the 
sidewalls of the housing. The top is sealed with an 
15 impermeable plug that does not allow the gases to escape 
into the atmosphere. 

Fig. 8 shows a gas generator similar to Fig., 7 
wherein the hydrogel acts as a stopper without an 
additional sealing component. Fig. 9 illustrates a 

20 gas generator similar to Fig- 7 - where the electrodes 
pass through the sealing top into the hydrogel which is 
slightly separated from the sealing top. 

Figs,. lOa-d demonstrate methods for fabricating a 
V hydrogel for [ a gas generator which is figid and 
:25 > impermeable to the gases produced . ■ ' ' . • 

Fig. 11 illustrates, a three dimensional sketch of 
;> the self-supporting hydrogel used in Figures 7 and 8. 

Detailed Descriptions of the Drawings . 
Figure 1. shows a two-piece system 10 .for drug 
30 delivery which is composed of a gas generation unit 11 
that is attached to a reservoir 12 by way of tubing, 13 
The gas generation Unit 11 consists of a rigid housing 
.14 that is sealed on top by a sealing element 15 and is 
narrowed at the bottom into a projection 16 with an 
35 opening 17. The projection 16 is fitted with a 

connecting joint 17 which prevents the escape of gases 
. (oxygen and' hydrogen) into the atmosphere. Tubing 13 
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sacrificial materials which conduct electric current and 
are not decomposed by the electrolysis reaction., for 
example gold-, silver,, copper, platinum and/ or any of the 
foregoing metal coated electrodes.. The tubing -(13) is 
5 composed of flexible, non-porous material such as 
plasticized polyviny Ichlor ide , polyurethane,, 
polyethylene, polypropylene, silicone rubber,, etc. The 
reservoir (12) is composed of non-expandable and 
y -\ ; impermeable materials that can be flexible or non- 

10 flexible such as glass, metals, ceramics, and/ or 
plastics such as ; polyethylene, - polypropylene,, 
• polycarbonates,, polystyrene, polyviny Ichlor ide or other 
■ ~ plastics.. The hydrdgel (19) Wan ,be made of crosslinked 

polybases or polyacid5> uncharged polymers, and polymers 
\ 25 having linear polyelectrolytes as an additional 

component. The above polymers can be mixed with 
: ? >: , . - v plasticizers that dp not hinder the flow of electric 

current to the water swollen hydrogels. For hydrogels^ 
that have polyelectrolyte properties pure water can be 
20 used as the swelling agent . J For hydrogels that contain 
; , no electrical charges water containing ions can be used 
*■ ^'; > '"".. ? V as the ;swellin^ agent. ;\- " " _y ' ] : t ' ; ' -'\ 

; • ; The polyelectrolyte: hydrogels can be formed from 

monomeric polybases and polyacids which are polymerized, 
25 or crosslinked forming networks containing positively or 
negatively charged ions. V The polybases contain 
\. positively charged groups such as allylamine> N",N- 
\*'[V; dimethylaminopropyl acrylamide, N,N-dimethylaminopropyl 
[ methacylamide and N , Nr-diethy laminoethyl methacryiate 

' , 30 for example. > The acidic polymer networks are composed 
of synthetic,, semi-synthetic, or natural monomers that 
• contain carboxyl acid * groups and/or sulfonic acid 
" groups, singly or in combination. Examples of the i 
•* synthetic acid monomers that can form the polymer are; 

. 35 styrene sulfonic acid, 2-acrylamido-2-methylpropane 
/ ' » ^ sulfonic acid, acrylic, acid, methacrylic acid> 

ally lacetic acid, maleic acid, for example. The semi- 
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are inserted directly into the hydrogel 36 through holes 

39 and 40 drilled in the wall of the container.. The top 
of the container or barrel is plugged and sealed with 
materials 32 that are impermeable to the gases produced 

5 by the electrolysis. Sealant 41 is applied around the 
electrodes outside the barrel wall to cover holes 39 and 

40 so as to prevent any possible leakage of gases 
(oxygen and hydrogen) or liquid formulation. A 
biomedical control unit or electronic timer 42 provides 

10 an applied electric current to electrodes 37 and 38 to 
produce hydrolysis,. As hydrolysis of the water in the 
hydrogel 36 occurs, gases (oxygen and' hydrogen) 43 
(shown as dots,)' are produced which expand and exert 
pressure on the drug solution 44 in the unitary, non- 
15 expandable container 31. The drug solution 44 is 
displaced by the expanding gases 43 and the drug 
solution 44 is then forced through the needle or tubing 
35 for delivery into the body. 

Figure 4 illustrates a device 45 similar to that 
20 shown in Figure 3 wherein comparable elements are 
identified by the same numerals as in Figure 3 . However, 
the device 45 contains a piston 46 frictionally fitted 
into the rigid barrel 49 of the syringe. Piston 46 
separates the gases 43 that are produced by electrolysis 
,25 ((oxygen and hydrogen) of the water in hydrogel 36 from 
the liquid phase drug solution 44. The piston 46 moves 
in response to the pressure of the gases produced by 
electrolysis occurring in the hydrogel. The rigid 
barrel 49, which is formed from part of a syringe,, 
30 also has an opening {filling port) 47 that is used for 
filling the space below the piston 46 with a drug 
solution 44. This opening is stopped with a self- 
sealing material 48 that will seal itself after being 
punctured with a needle or hollow wire used for 
35 inserting the drug solution 44. This filling port 47 
allows the drug solution 44 to be introduced into the 
syringe device 45 after the hydrogel 36 and electrodes 
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ring gasket 59 fitted between the two parts 56 and 57 
prevents gas leakage. In this embodiment the gas 
generator 56 can be recharged with fresh hydrogel 36 if 
needed and be reused. 
5 Figures 7-9 illustrate the various embodiments of 

gas generators which can be utilized when the mechanical 
properties of gels and/or electrodes are not strong 
enough to support the gel weight. Each of these systems 
use the gel's swelling power when hydrated to apply 
; ,V io pressure on the cylinder; walls thereby forming a rigid 

\ : * : : . ' gel which supports its own weight and provides a gas 

:■ ■ ... • ^. - V '. - tight .seal-.- ; ; * .' ..' ■ • 

; ; • *_ \ 1 Figure 7 shows a gas generator portion 60 composed 

of a sealing top 3 2 , a self-supporting hydrogel 36 
V ; 15 securely fitted into the cylinder top of the barrel 49 

and in contact with both the sealing top 32 and inner 
walls of barrel 49; Electrodes 37 and 38 are inserted 
into the hydrogel 36 through barrel wall electrode holes 
39 and 40, and sealant 41 surrounds the electrode wires 
; 20 and seals the electrode holes. In this embodiment the 
f hydrogel may or may not form a gas tight seal with th^ • 

. .. v. y. cylinder walls 49.^ - . f <;^,. : ... ■ • / 

Figure 8 illustrates a gas generator 61 similar to : 
the generator of Figure 7 where the self-supporting 
'* * : is v; ^;, : 'hydrogel 3 6 is snugly fitted against the cylinder walls 
49/ forming a gas tight seal;/ eliminating th^ need for 
the sealing top. All other elements are the same as in 
v Figure 7. . , y . r .. .v.- / ' -\ 

v ; ^ „ Figure 9 illustrates a gas generator device 62 

) • v30 : where the electrodes 37 and' 38 are inserted into the 

• hydrogel 36 through the sealing top 32 thus eliminating 
^V;, the additional sealing step of sealing electrode holes 

" in the side of the barrel 49. In addition, the hydrogel 
■.' V . 36 may or may not form a gas tight seal with the 

35 container wall 49. A space 63 between the hydrogel 36 
and the sealing top 32, along with one or more gas 
conduits 64 in the hydrogel itself are/necessary in 


3NSDOCID: <WO_ 9307920A1_I_> 



WO 93/07920 


PCT/US92/08046 


15 

supporting its own weight because of the tight fit with 
the interior surface of the wall of the container. 

Figure 11 illustrates the three-dimensional shape 
of hydrogel 66 which is cut to make passageways 67 that 
5 provide a means of conducting the generated gases into 
a chamber that is provided for expansion of the gases. 

The unitary ., non-expandable container 3.1 is 
fabricated from materials that are impermeable to gases, 
for example polyethylene, polypropylene, etc. The 
10 rigid barrel 49 is. manufactured from rigid materials 
such as glass, metals, ceramics, and/or plastics such as 
polyethylene, polypropylene, . polycarbonates, 
polystyrene,, . or other plastics . 

The pistons or plungers;, 46 are made -of rigid 
15 materials that maintain a seal against the barrel 
. walls, as the piston or plunger moves in response to the 
gas pressure exerted by the gas generator. Examples of 
these materials are; vulcanized rubber, ground glass , 
and plastics such as polyethylene, polypropylene, and 
20 polytetraf luoroethylene ... 

The sealing element 32 is manufactured - from 
materials that are self-sealing ; and sufficiently 
compressible to form a tight seal against the rigid 
walls of the gas generator. Examples of these materials 
25 would be a semi-flexible rubber such as soft silicone 
■ rubber.. 

sacrificial materials which conduct electric current and 
are not decomposed by the electrolysis reaction, for 
30 example gold, silver, copper, platinum and/or any of the 
foregoing metal coated electrodes. 

The sealant -41 is produced from materials that 
seal, preventing the leakage of gases, such as a 
silicone sealer. 
35 The hydrogel 36 can be made of crosslinked 

polybases or polyacids, uncharged polymers, and polymers 
having linear polyelectrolytes as an additional 



WO 93/07920 PCT/US92/08046 

AT THE ANODE (+ELECTRODE) : H 2 0 -* 4H + + 0 2 4- 4e" 

AT THE CATHODE ( - ELECTRODE) :: 4H 2 0 + 4e" 2H 2 + 4 OH" 

.5 NET OVERAIiL ^REACTION:: 6H 2 0 2H 2 + Oj + 4H + + 40H 

\ / 
4H 2 0 

As a result, two moles of water (about 36 ml) will 

10 generate 3 moles <of gas mixture (oxygen and hydrogen) 
which will have a volume of approximately 67 .2 liters 
under standard ' conditions.. . Based upon the above 
measurements/ the electrolysis of 26.7 mg water can 
displace 50 ml of -drug solution- Moreover, the 

15 electrolysis of 5.34 mg water car> replace 10 ml of v 
liquid formulation-. The electrolysis removes the above 
quantities of water from the hydrogel. 

More particularly , the gas generator is composed of : 
a housing, water swollen hydrogels, electrodes, and ; 

20 means to prevent gases from escaping The housing is 
constructed of rigid material such as glass, metals, 
ceramics, and/ or plastics such , as polyethylene, 
polypropylene, polycarbonates, polystyrene, or other 
plastics that would are rigid and impermeable to gases./ 

25 The gas generator is constructed so it can be reused if • 
desired. The hydrogels can be made of cross linked / 
polybases or polyacids;, uncharged polymers,, and polymers 
having linear poly electrolytes as an additional v 
component. The above polymers can be mixed with! 

30 plasticizers that do not hinder the flow of electric ; 
current to the water swollen hydrogels. For hydrogels 
that have polyelectrolyte properties pure water can be ^ 
used as the swelling agent. For; hydrogels that : 
contain no electrical charges water containing ions can ; 

35 - be used as the swelling agent. The electrodes should be 

composed of materials which conduct electric current and ; ; ; 
are not decomposed by the electrolysis reaction, for 
example gold, silver, copper, platinum and/ or electrodes 
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is intended the devices can be used with any drug 
solution. 

TMrnmple 1 

Preparation of Hvdrocrelt: A random/ crosslinked 
5 copolymer of ;2-acrylamido-2-methylpropane sulfonic acid 
(AMPS) and n-butylmethacrylate (BMA) was synthesized in 
the following manner: Dry nitrogen gas was bubbled for 
, 20 minutes through a mixture of AMPS and BMA (total 5.39 
gram, 27773 mole ratio) , dimethylf oramide (5 ml)*, N,N'- 
10 azobisisbbutyronitrile (0.1 mole % of monomer) and 
ethylene glycol dimethacrylate (0.8 mole % of monomer). 
■> The above mixture was polymerized in a sealed glass tube 
(1 cm diameter and 10 cm length) at 60° C for 3 days- 
After polymerization, the polymer was removed from the 
v 15 glass tube by breaking the glass and was soaked in a 
water/acetone ,(59/56 v/v%) solvent mixture, the solvent 
was replaced daily for at least one week. The 
water/acetone solvent mixture in the resulting polymer 
was replaced with distilled water by gradually 
20 increasing the water content of the mixture until ail of 
the acetone was removed from the? polymer. The polymer 
- was then kept in distilled water until used. The 
swelled hydrogel contains 70% by weight of water at a; 
. / neutral ; pH and is slightly rigid. .;. y.,' : > 

.. . -25 -i y i:y - -y/ ' • : ' . / - : ' " !i . • ;■ ■ ; . : -/ 

Example^. _ . 

Disposable polypropylene syringes of 3 ml capacity 
(0. 85 cm inside diameter) were utilized in assembling a 
device similar to that shown in Figure 1. The plungers 
/ 30 were removed from three syringes , leaving the hollow 
plastic barrels. The open end of each barrel was cut 
/to give one barrel of 6 cm length and two barrels each 
having a length of 1.5 cm. 

A gas generator unit was prepared from one of the 
35: 1.5 cm. barrels; A fully swollen polyelectrolyte 
hydrogel • synthesized in Example 1 was cut into a 
cylindrical piece of 0.8 cm diameter and 0.5 cm length 


- '•- ' , "" ^ ' t - ! ' J ' ' PCT/US92/08046 

' • \ V a nd firmlv.. inserted- into one open end of one of the 
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Table 1 


i current (mA) infusion rate .(/il/min) 

5 

0.77 10,. 2 

0.8 11.8 

0.85 11.8 

1.05 15.2 

10 1.1 ' • 14.4 

1.15 16 

1.2 16 

1.4 18.5 

• 3.4 - - -48 

15- 3.5 49.2 ' 

■ - , • •• 7.5 - . 108 


Example 5 

20 A commercial 10 ml capacity glass syringe (1.55 cm 

inside barrel diameter, 9.5 cm barrel length) was 
dissembled. The glass plunger end (pip part) of 1.5 cm 
length was cut from the plunger rod and inserted into 
the barrel 2. cm from the open end to function as a 

25 piston. f A fully swollen poly electrolyte hydrogel 
synthesized in Example 1 was cut into a cylindrical 
piece of 1.1 cm diameter and 1 cm length and placed in 
the open end of the syringe above the piston. A piece 
of neoprene rubber (1.7 cm diameter and 0. 5 cm height) 

30 was cut and shaped into a disc form and placed over the 
hydrogel to seal the open end of the syringe in a gas 
tight relationship. Two platinum wires of 3 cm length 
! were inserted into the hydrogel through the neoprene 
rubber top as electrodes. The distance between 

35 electrodes was 0.5 cm.: . • V.\ 

The lower empty space (10 ml volume) was filled 
with distilled water. This device has the configuration 
described in Figure 5. - 
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! V' '-; An electric^otential of 3.50 volts was applied to 
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Example 7 

A disposable polypropylene syringe of 3 ml capacity 
(0.85 cm inside diameter) was utilized in assembling a 
5 device similar to that shown in Figure 4 but having a 
rubber stopper at the open end instead of a sealed top 
as described in Fig. 4. A rubber plunger tip was 
separated from the plunger rod and inserted, as a 
piston , into the barrel to give a space of 1.4 cm from 
10 the open end. Two holes of 0.6 mm diameter were drilled 
in the barrel for the electrodes. The locations of the 
holes were 1 cm and 0.7 cm apart respectively from the 
open end. The polymer hydrogel synthesized in Example 
1 was cut into a disc 1.2 cm in diameter and 0.8 cm in 
15 length as shown in Fig. 10a. The hydrogel was then 
dried, in air for 12 hours. The diameter of the 
partially dried hydrogel was smaller than 0.85cm. (the 
inside diameter of the barrel) . This gel was then 
. shaped as shown in Figures 10b and 11 by cutting off two 
20 pieces (0.4 cm from top and 0.15 cm from the side) to 
form gas passageways . The shaped gel was placed in the 
barrel and immersed in water in the manner shown in 
Figs. 10c and lOd (except no sealing plug was in the end 
of the barrel). This device was then kept in water for 
25 12 hours. Prior to removal from the water the hydrogel 
was swollen and f irmly inserted into the top of the 
barrel in the manner shown in Fig. lOd. A rubber stopper 
was inserted into the open end of the barrel over the 
hydrogel. Two platinum wire electrodes were inserted 
30 into the hydrogel through the holes in the barrel* A 
silicone sealant was applied around the electrodes and 
cured for 12. hours to prevent any leakage of gases 
(oxygen and hydrogen) . The empty space below the 
piston was filled with distilled water. . The final 
\35 configuration was the same as Figure 4 except a rubber 
stopper was inserted into the open end of the barrel. 
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CLAIMS 

1. A gas driven drug delivery device, which 
comprises. 

(a) a gas generation unit for producing 
5 electrolytic gases consisting of a housing having a 

sealed end and an opposing apertured gas delivery end, 
said housing having a water swollen hydrogel affixed 
therein adjacent said sealed end> electrodes inserted 
into said water swollen hydrogel, and means for applying 
10 an electric current to said electrodes; 

(b) a drug solution reservoir comprising a 
nonexpandable housing having an apertured gas receiving 
end and an opposing apertured drug delivery end; 

(c) means communicating said apertured gas delivery 
15 end of said gas generation unit with said apertured gas 

receiving end of said drug ; solution reservoir for 
directing electrolytic gases from said gas generation 
unit to said drug delivery reservoir; and 

■■(d) delivery means communicating with said 
20 apertured drug delivery end of said drug solution 
reservoir, for receiving displaced drug solution from 
said reservoir and directing said solution into the body 
V of a patient. v v \ r ^ ; ' ' r /" ; v ; " V " 

2. A gas driven drug delivery device according to 
2'SV Claim 1 wherein the hydrogel is selected from a group 

consisting of crosslinked polybases , cross linked 
" polyacids; uncharged polymers, and crosslinked polymers 
having linear poly electrolytes. 

3 ... A gas driven drug delivery device according to 
30 Claim 2 wherein the hydrogel is composed of plasticizers 
;;■;/•„ that do not hinder the flow of electric current to the 
water swollen hydrogels. ,. • .... 

4. A gas driven drug delivery device according to. 
Claim 2 wherein the hydrogel has polyelectroiyte 

35 properties, • 

5. A gas driven drug (delivery device according to 
Claim 4. wherein the swelling agent is pure water. 
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means suitable for intravenous delivery of the drug 
solution. 

15,. A gas driven drug delivery device according to 
Claim 14 wherein said delivery means is a catheter.. 
5 16,. A gas driven drug delivery device according to 

Claim 13 wherein said drug solution reservoir is made of 
a flexible non-expandable material.. 

17 . a gas driven drug delivery device according to 
Claim 13 wherein said means for applying an electric 
v 10 ; current, supplied by batteries, to said electrodes /is 
controlled by an electronic timer,. ; 

■ ,18 . A gas driven drug delivery device according to 
Claim 13 wherein said means for applying an electric 
current to said electrodes is controlled by a biomedical 
15 control system which reacts to bodily functions selected 
from a group consisting of body temperature, pH of body 
f luids , muscle contractions, electroencephalography , and 
> electrocardiography and combinations thereof. 

19 . A gas driven drug delivery device according to 
20 Claim 17 wherein the means for applying an electric 
" current to said electrodes is selected ^ from the group 
consisting of an electronic timer and a biomedical 
control -unit;.. ( \ \ ■ J K ■>•> ■ v- : « 

20; A gas driven drug delivery device according to 
25 Claim 1 wherein the gas generating unit and the drug 
"solution reservoir are integrated into a single non- 
expandable housing such that said apertured opposing 
^ open gas delivery end of said gas generator unit and 
said apertured gas receiving end of said drug solution 
30 reservoir are joined to form a unitary housing. 

21. A gas driven drug delivery device according to 
Claim 1 wherein the gas generating unit < and the drug; 
solution reservoir are integrated into a single rigid 
housing such that said apertured opposing open gas 
35 delivery end of \ said gas generator unit and said 
apertured gas receiving end of said drug solution 
reservoir are joined to form a unitary housing and 
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comprising a nonexpandable housing having an apertured 
gas receiving end and an opposing apertured drug 
delivery end; (c) means communicating said apertured gas 
delivery end of said gas generation unit with said 
5 apertured gas receiving end of said drug solution 
-reservoir for directing electrolytic gases from said gas 
generation unit to said drug delivery reservoir; and (d) 
delivery means communicating with said apertured drug 
delivery end of said drug solution reservoir for 
10 receiving displaced drug solution from said reservoir 
terminating in means for infusing said drug solution 
into the body of a patient; 

(2) inserting said delivery, means intravenously 

into a patient; 

15 (.3) activating said means for applying said 

electric current to sai$ electrodes causing an electric 
current to flow between said electrodes and through said 
hydrogel resulting in the electrolysis of water in said 
hydrogel producing electrolysis gases which expand; 

20 (4) directing said expanding hydrolysis gases from 

said gas generation unit into said drug solution 
reservoir whereby the increase in pressure resulting 
from said gases causes said drug solution to be expelled 
from said drug solution reservoir, through said delivery 

25 means and intravenously into said patient. 

26. A method according to Claim 25 wherein said 
means for applying said electric current to said 
electrodes is an electronic timer. 

27. A method according to Claim ,25 wherein said 

30 electric current is activated and controlled by a 
biomedical control system which reacts to bodily 
functions selected from a group consisting of body 
temperature, pH of body fluids, muscle contractions, 
electroencephalography, and electrocardiography and 

35 ; combinations thereof. 
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